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TITLE: Sustained release non-steroidal, ant i- inflammatory and lidocaine PLGA 
microspheres 

Abstract Text (1): . 

A controlled release microcapsule pharmaceutical formulation for burst-free, 
sustained, programmable release of a non-steroidal, antiinflammatory drug over a 
duration from 24 hours to 2 months, comprising: a non-steroidal, antiinflammatory 
drug and a blend of biocompatible, biodegradable poly (lactide/glycolide) . 

Brief Summary Text (2) : 

This invention relates to providing novel pharmaceutical compositions for local 
delivery and sustained release of non-steroidal, anti-inflammatory drugs (NSAIDS) 
from biocompatible, biodegradable poly ( DL-lactide-co-glycolide ) (PLGA) 
microspheres. The resulting product is applied locally into soft tissues 
surrounding a surgical incision or traumatic wound site where it will locally 
sustain release of the NSAID. 

Brief Summary Text (3) : 

The invention also relates to providing novel pharmaceutical compositions for local 
delivery and sustained release of lidocaine PLGA microspheres. 

Brief Summary Text ( 5 ) : 

Non-steroidal anti-inflammatory drugs (NSAIDS) have been effective in reducing 
inflammation and inducing analgesia; however, the conventional oral dosage forms of 
these drugs characteristically have short half-lives and irritate the 
gastrointestinal mucosa. Further, currently available slow release oral dosage 
forms, such as Biovail (enteric coated, double-layer tablets which release the drug 
for 12-24 hours) still result in inefficient systemic delivery of the drug and 
potential gastrointestinal irritation. 

Brief Summary Text ( 6) : 

Therefore, currently available slow release oral dosage forms of NSAIDs induces 
systemic effects and the drug is not efficiently used at the site of inflammation. 

Brief Summary Text ( 7 ) : 

Further, in the currently available slow release oral dosage forms of NSAIDs, 
fillers or additives are needed in order to accelerate or retard drug release . 

Brief Summary Text (9) : 

Several publications and patents are available for sustained release of active 
agents from biodegradable polymers, particularly, poly ( lactide/glycolides ) (PLGA) . 
Prior usages of PLGA for controlled release of polypeptides have involved the use 
of molar ratios of lactide/glycolide (L/G) of 75/25 to 100/0 for molecular weights 
>20,000. Further, prior art preparations of PLGA utilized fillers or additives in 
the inner aqueous layer to improve stability and encapsulation efficiency and/or to 
increase the viscosity of the aqueous layer, thereby modulating polymer hydrolysis 
and the biologically active agent or polypeptide release . 

Brief Summary Text (10) : 
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In addition, the prior art use of PLGA copolymers were end-capped, in that the 
terminal carboxyl end groups were blocked. In these end-capped co-polymers, the 
microcapsule preparations exhibited a low to moderate burst release of .about. 10- 
14% of the entrapped polypeptide in the first 24 hours after placement in an 
aqueous physiological environment. In part, these characteristics are due to the 
use of fillers in the inner aqueous phase. Further, a 1-month release of 
polypeptide is known with the use of a 75/25 co-polymer of PLGA of Mw <20,000. 

Brief Summary Text (11) : 

Investigations in controlled release research has been proceeding especially to 
obtain a 1-2 month delivery system for biologically active agents or polypeptides 
using poly (lactide/glycolide) polymers. However, most of these systems have one or 
more of the following problems: poor encapsulation efficiency and large 'burst 
release * followed by an intermediate "no release s or 'lag phase" until the polymer 
degrades. In general, release from these polymers occur over a period from about 4 
weeks to about several months. In addition, in order to achieve. this release a 
50/50 co-polymer of Mw>30,000 or a 75/25 co-polymer of Mw>10,000 are employed which 
often results in residual polymer remaining at the site of administration long 
after the release of active core. 

Brief Summary Text (13) : 

This invention provides novel pharmaceutical compositions for. local delivery and 
sustained release of non-steroidal, anti-inflammatory drugs (NSAIDs) from 
biocompatible, biodegradable poly (DL-lactide-co-glycolide) { PLGA) microspheres. The 
resulting product is applied locally into soft tissues surrounding a surgical 
incision or traumatic wound site where it will locally sustain release the NSAID. 
In the context of this invention, ketoprofen, is preferred. Ketoprofen is an 
important non-steroidal anti-inflammatory drug, and is formulated into a drug 
delivery system that releases the drug in an aqueous solution or soft tissue for 7- 
60 days, depending upon its formulation. 

Brief Summary Text (14): 

The invention also provides novel pharmaceutical compositions for local delivery 
and sustained release of lidocaine PLGA microspheres. 

Brief Summary Text (15) : 

One object of the invention is to provide biodegradable PLGA microspheres for 
sustained delivery of NSAIDs. 

Brief , Summary Text (16) : 

Another object of the invention is to provide sustained, local delivery of NSAIDs, 
for durations greater than 24 hours and for up to 2 months from a single dose. 

Brief Summary Text (19) : 

A yet further object of the invention is to provide oral dosage forms incorporating 
compositions of NSAID-loaded micropheres of this . invention to deliver the 
microspheres to the gastrointestinal lumen where they can be adsorbed within the 
epithelium and sustain release their contents systemically . 

Brief Summary Text (21) : 

A further object yet still is to provide sustained released lidocaine PLGA 
microspheres for the treatment of dental pain. 



Brief Summary Text (24): 

In the solvent evaporation process, the NSAID and PLGA were dissolved in a volatile 
organic solvent, preferably methylene chloride, and dispersed in an aqueous phase 
containing an emulsion stabilizer. Evaporation of the organic phase gave NSAID- ' 
loaded microspheres. Depending on processing parameters, the microspheres released 
the NSAID for a duration of 2 weeks to 2 months with minimal burst release. 
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Drawing Description Text (4 ) : 

FIG. 3 shows ketoprofen release profiles from PLGA microspheres prepared by solvent 
evaporation. The release profiles are biphasic with a slower release in the first 
week followed by a more rapid release during the second week. 

Drawing Description Text (5) : 

FIG. 4 shows ketoprofen release profiles from PLGA mirospheres prepared by solvent 
evaporation with increased initial polymer concentrations. A zero-order release of 
ketoprofen over 33 days is obtained. WVSla was prepared at reduced PLGA 
concentrations . 

Drawing Description Text (6) : 

FIG. 5 shows ketoprofen release profiles from PLGA microspheres prepared by solvent 
evaporation at 40. degree. C. demonstrating a zero-order release of 40-60% of the 
loaded ketoprofen followed by a terminal burst release of the remaining drug. WV2 9 
was prepared at 20. degree. C. 

Drawing Description Text (7) : 

FIG. 6 shows ketoprofen release profiles from PLGA microspheres prepared by solvent 
extraction demonstrating 7-10 day release . 

Drawing Description Text (10) : 

FIG. 9 shows release profiles of lidocaine-PLGA microspheres prepared by solvent 
evaporation . 

Drawing Description Text (11) : 

FIG. 10 shows release profiles of lidocaine hydrochloride PLGA formulations 
prepared by solvent extraction. 

Detailed Description Text (2) : 

This invention relates to the design of biocompatible and biodegradable 
microspheres for novel, sustained release of non-steroidal, anti-inflammatory 
drugs, including ketoprofen, over a period of up to 60 days in an aqueous 
physiological environment with little or no burst release . 

Detailed Description Text (3) : 

Unlike currently available release systems which rely on the use of 
filler/additives such as gelatin, albumin, dextran, pectin, polyvinyl pyrrolidone, 
polyethylene glycol, sugars, etc., and are still prone to low encapsulation 
efficiencies and "burst effects", this invention achieves high encapsulation 
efficiency and % burst- free s release without the use of any additive. In this 
invention, N burst-free x , programmable sustained release is achieved. 

Detailed Description Text (5) : 

Additionally, two forms of the biocompatible, biodegradable poly (DL-/lactide- 
shield-glycolide) can be employed, one being the more hydrophobic end-capped 
polymer with the terminal residues f unctionalized as esters, and the other being 
the more hydrophillic uncapped polymer with the terminal residues existing as 
carboxylic acids. 

Detailed Description Text (8) : 

Ketoprofen and PLGA were dissolved in methylene chloride, and dispersed in an 
aqueous phase containing an emulsion stabilizer., Evaporation of the organic phase 
gave ketoprof en-loaded microspheres, as is shown in FIGS. 1, 3, 4, and 5. The 
microspheres release ketoprofen for a duration of two weeks to two months with 
minimal burst release as can be seen from the foregoing referred to figures. 

Detailed Description Text (11) : 

In the solvent extraction process, ketoprofen and PLGA were dissolved in 
acetonitrile, which is a polar organic solvent, and the mixture of ketoprofen, PLGA 
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and acetonitrile is then dispersed in a mineral oil; however, any non-polar organic 
phase other than mineral oil will suffice in the context of the invention, even 
though mineral oil is preferred. The emulsion produced is then poured into a 
hydrocarbon solvent, preferably heptane. As the mineral oil phase was extracted 
into the heptane, microspheres of PLGA and ketoprofen are formed. The microspheres 
produced release ketoprofen for seven to ten days displaying near zero-order 
kinetics. Microspheres produced using this solvent extraction process are shown in 
FIGS . 2 and 6. 

Detailed Description Text (13) : 

The NSAIDs are prescribed for arthritic conditions to reduce pain and delay 
debilitating inflammation, and a single, localized dose into joints lasting 2-3 
months is very advantageous. Further, the microspheres of the invention are 
suitable for incorporation into a number of delivery vehicles to provide sustained 
release of a NSAID-loaded for many other applications for the treatment of mild 
pain and inflammation. 

Detailed Description Text (22) : 

Ketoprofen release profiles were determined in vitro for the PLGA microspheres. 
Microspheres were suspended in 1 ml phosphate buffer solution maintained at 37.+- 
.1. degree. C. in a shaker bath. The buffer was removed and refreshed over time. The 
ketoprofen concentration was determined by HPLC. 

Detailed Description Text (27) : 

Characteristically, ketoprof en-PLGA microspheres prepared by solvent evaporation 
slowly released 25-35% of their contents during the first week. This release was 
followed by an accelerated release of the remaining drug during the next 7-10 days. 
After 50 days, the hydrated microspheres had not significantly degraded. 

Detailed Description Text (28) : 

Factors contributing to the lag time before significant release was observed 
include the high molecular weight (70k-100k g/mol) and hydrophobic nature of the 
PLGA resulting in slow hydration of the microspheres. Also, SEM analysis showed 
product spheres to be relatively free of defects reducing the possibility of a 
burst release . Similar profiles of an accelerated release beginning at 7-10 days 
were observed for lidocaine-PLGA formulations with the same polymer molecular 
weight. Release is independent of the core loading for this narrow range of 1.5- 
13.5%. 

Detailed Description Text (29) : 

Heated solvent evaporation formulations (core loads: 7.6, 7.3%) demonstrate zero- 
order, more sustained release . At 30 days, only 30% of the ketoprofen is estimated 
to be released. 

Detailed Description Text (30) : 

Ketoprof en-PLGA formulations prepared by solvent extraction show a steady and 
complete release of ketoprofen in 7-10 days (FIG. 6) . The increased surface area of 
these smaller diameter microspheres contribute to the observed release . The near- 
linear release indicates the drug is evenly distributed throughout the PLGA matrix. 
Such release characteristics are highly beneficial for use as anti-inflammatory 
pulp-capping materials. 

Detailed Description Text (31) : 

Ketoprofen and PLGA combined to form a miscible and homogeneous solid matrix of 
drug microspheres. This result affords steady and sustained ketoprofen release 
vehicles for potential use for localized inflammation. In relation to the treatment 
of pulpitis, plastic chambers are being used to model interactions between 
ketoprofen and dentin, inflamed pulpal tissue, and common pulp capping dressings 
such as calcium hydroxide. 
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Detailed Description Text (35) : 

This study proposes to evaluate the safety, analgesic efficacy, and tissue response 
of locally applied ketoprofen [a non steroidal ant i- inflammatory drug (NSAID) ] that 
is encapsulated within small microspheres of the biodegradable polymer poly DL 
(lactide-co-glycolide) . The response to encapsulated ketoprofen will be compared to 
a long-acting local anesthetic such as tetracaine, lidocaine, etidocaine, 
carbocaine, xylocaine, marcaine, nesacaine and etiod. Both drug formulations will 
be instilled into post-extraction sites immediately upon extraction of the tooth, 
but prior to the onset of pain (patients will be under the influence of local 
anesthetic during the extraction procedure). Subjects (n=84) will have two 
mandibular impacted third molars removed and be randomly allocated to receive one 
of six possible treatments placed into the resulting sockets: 0 mg (placebo 
formation), 3.125 mg, 6.25 mg, or 25 mg ketoprofen, or 50 mg bupivacaine. Each 
patient in these six groups (n=12/group) will also receive an oral placebo capsule. 
The seventh group of the subjects will receive a placebo applied at the extraction 
sites and 25 mg of ketoprofen orally. Subjects will remain at the clinic for six 
hours following drug administration. Every 30 minutes the offset of mandibular 
anesthesia, postoperative pain intensity, side effects, and recurrence of bleeding 
will be monitored. Demonstration of a dose-response relationship for ketoprofen at 
doses lower than needed for analgesia following oral administration will provide 
the basis for a follow-up study in which an optimal dose of ketoprofen will be 
combined with bupivacaine. 

Detailed Description Text (38): 

The introduction of NSAIDs for the management of acute and chronic pain has 
resulted in improved analgesia and decreased side effects; however, there remain 
drawbacks such as a relatively slow therapeutic onset when taken orally, a ceiling 
of efficacy, and side effects with chronic use (NSAIDs will produce small amounts 
of GI bleeding at therapeutic doses which can result in ulcers with chronic use in 
approximately 25% of individuals) . An alternative to administering high systematic 
doses for greater efficacy and a likely way to eliminate side effects is to sustain 
release NSAIDs or other drugs at the site of injury thereby achieving high local 
concentrations. This proposed study will evaluate the local administration of an 
NSAID into tooth extraction sites to determine if such a localized effect can be 
demonstrated. If demonstrated, it will provide a basis for evaluating the 
peripheral effects of other putative inhibitors and antagonists of the inflammatory 
process using this or a similar approach. Despite advantages of NSAIDs for pain 
management, a therapeutic void remains for the management of pain with a drug 
modality that has rapid onset by 1 non-parenteral routes of administration and 
greater efficacy than can be achieved with oral NSAIDs. 

Detailed Description Text (55) : 

Adverse Effects of Microencapulated Ketoprofen: The adverse effects attributed to 
orally administered ketoprofen are similar to those associated with other NSAIDs: 
GI irritation and upset, and impairment of renal function with chronic 
administration. Administration of ketoprofen (the free drug form) into extraction 
sites in two previous studies done at NIDR was not associated with any detectable 
increase in localized adverse effects such as alveolar osteitis or infection in 50 
subjects . sup. 1, 2 . It is recognized that the administration of an NSAID into the 
extraction site prior to blood clot formation may result in an increase in 
postoperative bleeding due to the temporary inhibitory effects of NSAIDs on 
platelet aggregation. Direct administration of 30 mg of aspirin into the extraction 
sites following oral surgery has been reported not to produce any increase in 
bleeding episodes or alveolar osteitis . sup. 3 . Subjects will be observed for any 
signs of bleeding during the six hour observation period and prior to dismissal 
from the clinic. The presense of the encapsulation excipient DL (lactide-co- 
glycolide) may possibly be associated with an increase in the infection rate; 
however, since it is the same polymer used in biodegradable suture materials (which 
have a very low infection rate in other surgeries), it is considered unlikely. 
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Detailed Description Text (71) : 

Lidocaine release profiles were determined in vitro for the PLGA micropheres . 
Microspheres were suspended in a phosphate buffer solution maintained at 37.+- 
.1. degree. C. in a shaker bath, and aliquots were taken during the release period. 
The lidocaine concentration was determined by HPLC as stated above. 

Detailed Description Text (74): 

Cumulative release profiles for solvent evaporation and solvent extraction 
formulations are shown in FIGS. 9 and 10, respectively. In FIG. 9, lidocaine-PLGA 
microspheres prepared by solvent evaporation slowly released 5-15% of their 
contents during the first week. This release was followed by a continuous release 
during the initial stages. After 60 days, the hydrated microspheres had not 
significantly degraded. Factors contributing to the lag time before significant 
release was observed include the high molecular weight (70k-100k) g/mol) and 
hydrophobic nature of PLGA resulting in slow hydration of the microspheres. Also, 
SEM analysis showed product spheres to be relatively free of defects reducing the 
possibility of a burst release . 

Detailed Description Text (75) : 

In FIG. 10, lidocaine hydrochloride-PLGA formulations prepared by solvent 
extraction essentially dumped 70-90% of their core load in the first 24 hours with 
complete release within days. The increased surface area of these smaller diameter 
microspheres and their high surface porosity observed by SEM contribute to the 
observed release, as well as the high aqueous solubility of the incipient lidocaine 
hydrochloride. It appears that lidocaine hydrochloride is mostly surface-bound in 
the microsphere formulations rather than homogeneously distributed throughout the 
polymer matrix. 

Detailed Description Text (76) : 

Sustained release formulations releasing the. anesthetic lidocaine have been 
prepared by o/w solvent . evaporation techniques resulting in continuous release for 
7-10 days following a one week, burst-free lag time. Conversely, lidocaine 
hydrochloride-PLGA formulations prepared by w/o solvent extraction completely 
emptied their contents within the first few days. 
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glycolide) microparticles prepared by watewr-in-oil-in-water emulsion technique, 
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Setterstrom, Controlled Release of Antibiotics From biodegradable Microcapsules For 
Wound infection Control, Chemical Abstracts, 1983, pp215-226. 

Other Reference Publication (15) : 

McConnel, et al., Antigenic homology within human enterotoxigenic Escherichia coli 
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1, CS2 , CS4 and CS17, FEMS Microbiology Letters 61 (1989) 105-108. 

CLAIMS : 

1. A process for preparing controlled release microcapsule formulations 
characterized by burst-free, sustained, programmable release of non-steroidal, 
antiinflammatory drugs comprising: dissolving a non-steroidal, antiinflammatory 
drug and a mixture of uncapped biocompatible, biodegradable poly 
(lactide/glycolide) polymer and end-capped biocompatible , biodegradable poly 
(lactide/glycolide) polymer in a volatile organic solvent, dispersing the dissolved 
mixture in an aqueous phase containing an emulsion stabilizer, and evaporating the 
organic solvent phase to obtain non-steroidal antiinflammatory drug-loaded 
microspheres . 

2. A process for preparing controlled release microcapsule formulations 
characterized by burst-free, sustained, programmable release of non-steroidal, 
antiinflammatory drugs comprising: dissolving a non-steroidal, antiinflammatory 
drug and a mixture of uncapped biocompatible, biodegradable poly 
(lactide/glycolide) polymer and end-capped biocompatible, biodegradable poly 
(lactide/glycolide) polymer in a polar organic solvent, dispersing the dissolved 
non-steroidal, antiinflammatory drug dissolved in a polar organic solvent in a non- 
polar organic phase, pouring the emulsion into a hydrocarbon solvent, extracting 
the polar organic phase into the hydrocarbon solvent to form microspheres. 

3. A process of preparing a controlled release microcapsule formulation 
characterized by burst-free sustained programmable release of a long-acting local 
anesthetic comprising: dissolving the long-acting local anesthetic and a mixture of 
uncapped biocompatible, biodegradable poly ( lactide/glycolide ) polymer and end- 
capped biocompatible r biodegradable poly ( lactide/glycolide ) polymer in a volatile 
organic solvent, dispersing the long-acting local anesthetic and volatile organic 
solvent in an aqueous phase containing an emulsion stabilizer, and evaporating the 
volatile organic solvent to precipitate microspheres of long-lasting local 
anesthetic and poly (lactide/glycolide) microspheres. 

4. The process of claim 1, wherein the biodegradable poly (lactide/glycolide) 
polymers comprise a ratio of lactide to glycolide from 100/0 to 50/50. 

12. The process of claim 2, wherein the biodegradable poly (lactide/glycolide) 
polymers comprise a ratio of lactide to glycolide from 100/0 to 50/50. 
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